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DEVICE FOR TESTING HEAT CONDUCTION
PERFORMANCE OF HEAT PIPL

TECHNICAL FIELD

The present mvention relates to a measuring device and,
particularly, to a device which can accurately measure heat

conduction performance of a heat pipe.

BACKGROUND

Heat pipes have been suggested for cooling electronic
components. Generally, a heat pipe includes an evaporating
section to take 1n heat and a condensing section to expel heat.
A working fluid 1s contained 1n the heat pipe for transierring,
heat from the evaporating section to the condensing section.
In use, heat absorbed by the evaporating section of the heat
pipe boils the working fluid, and then, the working fluid 1s
converted nto a vapor. The vapor travels to the condensing
section where i1t condenses to a liquid and gives up 1ts heat.
The liguid returns back to the evaporating section by gravity
or a wick, and then the cycle starts again.

However, a heat pipe has its limits such as wicking limut,
boiling limit and entrainment limit. Measuring devices can
measure a heat conduction performance of the heat pipe to
determine which limait affects the heat conduction. A conven-
tional measuring device for measuring the heat conduction of
a heat pipe includes a first platform, a second platform, a
heating element, a cooling element and a plurality of thermal
probes. The first platform defines a plurality of first holes for
receiving the evaporating section of the heat pipe, the heating,
clement and the thermal probes. The second platform defines
a plurality of second holes for receiving the condensing sec-
tion of the heat pipe, the cooling element and the thermal
probes. However, the evaporating section of the heat pipe 1s
connected with the first platform directly and rigidly, inevi-
tably, a number of small gaps exist between an outer surface
of the evaporating section and an inner surface defining the
first hole for recerving the evaporating section of the heat
pipe. Air 1n the small gaps unduly increases thermal resis-
tance. This may result 1n an error between measuring values
and the actual heat conduction performance of the heat pipe.

Thus, an improved device which can accurately test heat
conduction performance of a heat pipe 1s desired.

SUMMARY

A device for testing heat conduction performance of a heat
pipe 1s provided. In which the heat pipe to be tested includes
an evaporating section and a condensing section. The device
includes a block, a cooling device, a thermal interface mate-
rial, a heating element for heating the block and a plurality of
thermal probes. The block 1s coupled with the evaporating
section of the heat pipe. The cooling device 1s coupled with
the condensing section of the heat pipe. The thermal interface
material 1s configured to be at a coupling interface between
the block and the evaporating section of the heat pipe. The
thermal probes are inserted ito the block and the cooling
device to measure the respective temperatures of distinct
regions 1n the block and the cooling device where the thermal
probes are located.

Advantages and novel features of the present device for
testing heat conduction performance of a heat pipe will
become more apparent from the following detailed descrip-
tion of preferred embodiments when taken 1n conjunction
with the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present device for testing heat conduc-
tion performance of a heat pipe can be better understood with
reference to the following drawings. The components 1n the
drawing are not necessarily drawn to scale, the emphasis
instead being placed upon clearly 1llustrating the principles of
the present device. Moreover, 1n the drawings, like reference
numerals designate corresponding parts throughout the sev-
eral views.

FIG. 1 1s a schematic, cross-sectional view of a device for
testing heat conduction performance of a heat pipe, 1n accor-
dance with a first embodiment; and

FI1G. 2 1s a schematic, cross-sectional view of a device for
testing heat conduction performance of a heat pipe, 1n accor-
dance with a second embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1, a device 100 for testing heat conduc-
tion performance of a single-pipe type heat pipe 20 1n accor-
dance with a first exemplary embodiment 1s shown. The heat
pipe 20 to be tested includes an evaporating section 22 and a
condensing section 24. The device 100 includes a block 10, a
plurality of heating elements 14, a cooling device 30, a ther-
mal 1nterface material 40, and a plurality of thermal probes
50. The block 10 1s coupled with the evaporating section 22 of
the heat pipe 20. The cooling device 30 1s coupled with the
condensing section 24 of the heat pipe 20. The thermal probes
50 can be thermometers, thermocouples and such like. The
block 10 can be made of heat conducting materials, such as
metals or alloys with excellent heat conduction performance.
In this embodiment, the block 10 1s made of copper.

The block 10 defines a first recerving hole 16 for heating
the evaporating section 22 of the heat pipe 20, a plurality of
mounting holes 12 for recerving the heating elements 14, a
first measuring hole 17 and a plurality of second measuring
holes 19 for recerving the thermal probes 50. The first mea-
suring hole 17 1s in communication with the first receiving
hole 16, receiving the thermal probe 50 so as to measure a
temperature of the evaporating section 22 of the heat pipe 20.
The second measuring holes 19 are defined in the block 10
parallel to each other, facilitating measuring the temperatures
of respective regions in the block 10 where the thermal probes
50 are located. Thus, a temperature gradient of the block 10
can be measured.

The cooling device 30 includes a cooling container 31 and
a cooling medium 33 contained therein. The cooling con-
tainer 31 can be made of heat conducting materials, such as
metals or alloys with excellent heat conduction performance.
In this embodiment, the cooling container 31 i1s made of
copper. The cooling container 31 defines a second receiving
hole 37 for cooling the condensing section 24 of the heat pipe
20 and a plurality of third measuring holes 38 for receiving
the thermal probes 50. The third measuring holes 38 1s con-
figured to be 1in communication with the second receiving
hole 37, through which the thermal probe 50 can be 1nserted,
and a temperature of the condensing section 24 of the heat
pipe 20 can be measured. In addition, the cooling container 31
defines an 1nlet 34 for introducing the cooling medium 33 and
an outlet 36 for releasing the cooling medium 33. Thus, the
cooling medium 33 can continuously tlow through the cool-
ing container 31. The cooling medium 33 can be composed of
a high heat capacity material, such as water, liquid nitrogen,
and the like. p The thermal interface material 40 1s configured
to be at a coupling interface between the black 10 and the




US 7,445,385 B2

3

evaporating section 22 of the heat pipe 20 for connecting the
evaporating section 22 with inside walls of the first receiving
hole 16. The thermal interface material 40 may be phase
change maternials or polymer materials. The phase change
material may be selected from the group consisting of olefin,
polyolefin, low molecular weight polyester. low molecular
welght epoxide resin, and low molecular weight acrylic acid.
The polymer material may be selected from the group con-
s1sting of silicone rubber, polyester, poly vinyl chloride, poly
vinyl alcohol, polyethylene, polypropylene, epoxide resin,
polycarbonate, polyacetal, polyoxymethylene, and any com-
bination thereof. The thermal interface material 40 may
include thermally conductive particles selected from the
group consisting of copper, aluminum particles, silver par-
ticles, aluminum oxide particles, zinc oxide particles, alumi-
num nitride particles, boron nitride particles, graphite par-
ticles, carbon nano-particles and any suitable combination
thereol.

FIG. 2 shows a device 100a for testing heat conduction
performance of a planar plate heat pipe 20a 1n accordance
with a second embodiment. The heat pipe 20a to be tested
includes an evaporating section 22a and a condensing section
24a. The device 100a includes a block 10a, an electrical
resistance wire 15, a cooling device 30q, a thermal interface
material 40a, and a plurality of thermal probes 50a. The block
10a 1s coupled with the evaporating section 22a. The cooling
device 30a 1s coupled with the condensing section 24a. The
block 10a can be made of heat conducting materials, such as
metals or alloys with excellent heat conduction. In this
embodiment, the block 10a 1s made of copper.

The electrical resistance wire 15 1s coiled around the block
10a so as to heat the block 10a. The block 10a defines a first
receiving hole 16a for heating the evaporating section 22 of
the heat pipe 20q, a first measuring hole 17a and a plurality of
second measuring holes 19a for recerving the thermal probes
50a. The first measuring hole 17a 1s 1n communication with
the first receiving hole 164, for receiving the thermal probe
50a to measure a temperature of the evaporating section 22a
of the heat pipe 20a. The second measuring holes 19a are
defined 1n block 10a parallel to each other, for measuring the
temperatures of the respective regions 1n the block where the
thermal probes 50 are located. Thus, a temperature gradient of
the block 10a can be measured.

The cooling device 30a can be made of heat conducting
materials, such as metals or alloys with excellent heat con-
duction. In this embodiment, the cooling device 30q 1s made
of copper. The cooling device 30a 1s a heat sink module
including a base 32 and a plurality of fins 35 formed on the
base 32 for dissipating heat from the base 32. The base 32
defines a second receiving hole 37a for cooling the condens-
ing section 24q of the heat pipe 20a and a plurality of third
measuring holes 38a for receiving the thermal probe 50a. The
third measuring holes 38a are configured to be 1n communi-
cation with the second recerving hole 37a, through which the
thermal probe 50a can be inserted, and a temperature of the
condensing section 244 of the heat pipe 20a can be measured.
The thermal interface material 40a includes silicon rubber
material and a number of carbon nanotubes dispersed therein.
Similar to the first embodiment, the thermal interface material
40a 1s configured to be at a coupling interface between the
block 10a and the evaporating section 22a of the heat pipe
20a, and tightly combines the evaporating section 22a with
inside walls of the heating space 16a.

The device 100a can provide realistically work-like con-
ditions for the heat pipe 20a. When the temperatures of the
evaporating section 22q and the condensing section of the 24a
are both stabilized, a series of temperature values associated
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with the evaporating section 22a can be measured by the
thermal probe 50 1nserted in the first measuring hole 17a.
Similarly, a series of temperature gradient values associated
with the block 10a can be measured by the thermal probes 50
respectively inserted the second measuring holes 19a. Also, a
series ol temperature values associated with the condensing
section 24a can be measured by the thermal probe 30a
inserted in the third measuring hole 38a. Using these values,
the temperature difference between the evaporating section
22a and the condensing section 24a can be calculated. More-
over, other heat conducting parameters that determine the
performance of the heat pipe 20a, such as the maximum
quantity of heat transfer, the heat transfer resistance, can also
be calculated.

In measuring the heat conductivity of the heat pipe, the
thermal interface maternal can increase absorption speed of
the evaporating section of the heat pipe from the block. There-
fore, a more precise temperature value for the evaporating
section of the heat pipe can be measured. As a result of the
above explained advantages, the measuring device can be
more accurately explain the heat conducting characters of the
heat pipe.

It1s believed that the present embodiments and their advan-
tages will be understood from the foregoing description, and
it will be apparent that various changes may be made thereto
without departing from the spirit and scope of the invention or
sacrificing all of its material advantages, the examples here-
inbefore described merely being preferred or exemplary
embodiments of the invention.

What 1s claimed 1s:

1. A device for testing heat conduction performance of a
heat pipe, the heat pipe comprising an evaporating section and
a condensing section, the device comprising:

a block defining a first recerving hole for recerving the

evaporating section of the heat pipe;

a cooling device for coupling with the condensing section
of the heat pipe;

a thermal interface material in the first recerving hole, the
thermal interface material being configured for connect-
ing the evaporating section of the heat pipe with mside
walls of the first receiving hole at a coupling interface
between the block and the evaporating section of the
heat pipe;

a heating element for heating the evaporating section of the
heat pipe;

a plurality of thermal probes 1nserted into the block and the
cooling device for measuring the respective tempera-
tures ol distinct regions 1n the block and the cooling
device where the thermal probes are located.

2. The device for testing heat conduction performance of a
heat pipe as described in claim 1, wherein the block defines a
mounting hole for recerving the heating element.

3. The device for testing heat conduction performance of a
heat pipe as described 1n claim 1, wherein the heating element
1s an electrical resistance wire surrounding the block.

4. The device for testing heat conduction performance of a
heat pipe as described 1n claim 1, wherein the thermal inter-
face material 1s comprised of a phase change material or a
polymer with thermally conductive particles dispersed
therein.

5. The device for testing heat conduction performance of a
heat pipe as described in claim 4, wherein the phase change
material 1s one of olefin and polyolefin.

6. The device for testing heat conduction performance of a
heat pipe as described 1n claim 4, wherein the polymer 1s
selected from the group consisting of silicone rubber, poly-
ester, poly vinyl chloride, poly vinyl alcohol, polyethylene,
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polypropylene, epoxide resin, polycarbonate, polyacetal,
polyoxymethylene, and any combination thereof.

7. The device for testing heat conduction performance of a
heat pipe as described in claim 4, wherein the thermally
conductive particles are comprised of matenal selected from
the group consisting of copper, aluminum, silver, aluminum
oxide, zinc oxide, aluminum mitride, boron nitride, graphite,
carbon nano-materials, and any combination thereof.

8. The device for testing heat conduction performance of a
heat pipe as described in claim 1, wherein the block defines a
first measuring hole in communication with the first receiving
hole, and the first measuring hole 1s configured for recerving,
one of the plurality of thermal probes to measure the tempera-
ture of the evaporating section of the heat pipe.

9. The device for testing heat conduction performance of a
heat pipe as described 1n claim 8, wherein the block defines a
plurality of second measuring holes for recerving other ther-
mal probes of the plurality of thermal probes to measure the
temperatures of the respective regions 1n the block 1n which
the other thermal probes are located.

10. The device for testing heat conduction performance of
a heat pipe as described 1n claim 9, wherein the cooling device
1s a heat sink module.

11. The device for testing heat conduction performance of
a heat pipe as described 1n claim 10, wherein the heat sink
module comprises a base and a plurality of fins formed on the
base.
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12. The device for testing heat conduction performance of
a heat pipe as described 1n claim 11, wherein the base defines
a plurality of third measuring holes for recerving other ther-
mal probes of the plurality of thermal probes to measure
temperatures of the condensing section of the heat pipe.

13. The device for testing heat conduction performance of
a heat pipe as described 1in claim 9, wherein the cooling device
comprises a cooling container and a cooling medium con-
tained therein.

14. The device for testing heat conduction performance of
a heat pipe as described 1n claim 13, wherein the cooling
container defines a second recerving hole for recerving the
condensing section of the heat pipe.

15. The device for testing heat conduction performance of
a heat pipe as described 1n claim 13, wherein the cooling
container defines a plurality of third measuring holes for
receiving other thermal probes of the plurality of thermal
probes to measure the temperature of the condensing section
of the heat pipe.

16. The device for testing heat conduction performance of
a heat pipe as described in claim 13, wherein the condensing
section of the heat pipe 1s immersed 1n the cooling medium.
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